Result of research concerning the influence of milling conditions on the amorphisation of the Fe 75 Si 20 B 5 (at.%) alloy is presented. Amorphous powder of Fe 75 Si 20 B 5 (at.%) was prepared by dry and wet mechanical alloying (MA) route starting from a mixture of Fe, Si and B elemental powders. The mixture was wet/dry milled up to 50 hours. Benzene, oleic acid and ethanol were used as process control agents (PCA) in order to investigate the influence of their chemical composition on the powder amorphisation. The evolution of the powder crystalline structure, thermal stability and magnetic properties were investigated by X-ray diffraction (XRD), differential scanning calorimetry (DSC), thermogravimetry (TG) as well as magnetic measurements versus temperature and field. It is proved that the chemical composition of the PCA (especially the carbon content) plays an important role in the amorphisation process induced by wet MA.
Introduction
Since 1967, when the first ferromagnetic amorphous alloy (Fe80P13C7) was developed [1] , the amorphous soft magnetic materials are extensively studied from both, fundamental and applications, point of views due to their excellent soft magnetic properties.
Amorphous soft magnetic materials have been produced by a series of techniques as follow: melt spinning, gas atomisation, mechanical alloying/milling, copper mould casting, vapour deposition, plasma processing etc. Among these techniques, MA has started to be increasingly used to produce amorphous powder. In MA technique, a mixture of elemental powders or pre-alloyed powders is subjected to high energy ball milling process. During this process sandwich like structures are created as results of repeated cold welding and fracturing processes. Also, a large number of defects are induced by milling and a slight increase of the temperature. This will favour the atomic interdiffusion to take place, and finally the alloy is formed [2] . In some cases, together with the milling bodies and powders to be milled, a certain quantity (usually not larger than 5 wt.% of total processed mass powder) of PCA is added [2] . The PCA acts as surfactants reducing the number of cold welding processes leading to the achievement of a balance between cold welding and fracturing phenomena. One of the main drawbacks of this technique is the contamination of the processed powder with atoms resulted from the surfactant decomposition during milling [3] .
In this paper, we present the influence of various PCA on the amorphisation of the Fe 75 Si 20 B 5 (at.%) alloy.
Experimental
The amorphous powder alloy of Fe 75 Si 20 B 5 was obtained by mechanical alloying starting from a mixture of elemental iron powder -NC 100.24 -(Höganäs), silicon powder 99.9% (Alfa Aesar) and boron amorphous powder 99.9% (Alfa Aesar). This mixture will be further referred to as starting sample (ss). The mixture was wet/dry milled up to 50 hours in a planetary ball mill (Pulverisette 6, Fritsch) under argon atmosphere. For all the samples prepared and presented in this study the milling conditions used for their preparation were identical. High purity benzene (C 6 H 6 ), oleic acid (C 18 H 34 O 2 ) and ethanol (C 2 H 5 OH) were used in wet milling experiments as PCA.
The structural investigations were made by X-ray diffractions (XRD) using Co radiation (angular range 30 -110 º) and Cu radiation (angular range 30 -80 º).
The thermal stability of the as milled samples was investigated by differential scanning calorimetry (DSC). All DSC measurements were performed in Ar atmosphere with a heating/cooling rate of 20 ºC/min. The thermogravimetric measurements (TG) were performed in H 2 atmosphere with a heating/cooling rate of 20 ºC/min.
The M(T) curve was recorded on a homemade apparatus using a heating rate of 20 ºC/min. In order to avoid powder oxidation, the powder was sealed in vacuum in a quartz tube.
The magnetization curves, M(H), were recorded at room temperature using the extraction sample method in a continuous magnetic field of up to 10 T. The saturation magnetizations have been derived from the magnetization curves for a magnetic field higher than 5 T.
Results and discussions
The XRD patterns of the dry mechanical alloyed powders are presented in figure 1 and compared to that of the wet mechanical alloyed powders using ethanol, oleic acid, and benzene as surfactant. 
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The evolution of the alloy crystalline structure versus milling time reveals that dry milling and wet milling using ethanol as PCA ( Fig. 1 .a and b) do not lead to alloy amorphisation. It can be observed that for 5 hours of dry milling the formation of a Fe(Si,B) solid solution is obtained. Also, the most intense Bragg reflection of Si (at about 2 theta = 33.2 º) is noticed prooving that part of Si did not yet react with Fe or B. After 10 hours of dry or wet milling, within the experimental error limit, the whole of Si and B quantity were dissolved in the Fe structure. After this milling duration, the formation of a nanocrystalline solid solution of Fe(Si,B) is evidenced. In the case of dry milled and wet milled powders using ethanol as PCA no further evolution of the XRD spectra can be noticed indicating that, in these specific conditions, the alloy amorphisation cannot be achieved even for long milling of up to 50hours.
In the case of the powder wet milled with oleic acid as PCA, increasing the milling time leads to broadening of the main Bragg reflection. The diffraction pattern of the sample wet milled for 30 hours presents a single and very broad maximum. This may indicate the full amorphisation of the alloy. However, a closer analysis of the peak shape reveals that this scattering feature presents a slight asymmetry on its right side indicating that a certain amount of alloy remains in crystalline state. At this point, the alloy is composed by Fe(Si,B) crystallites embedded in an amorphous matrix. According to the XRD pattern of the sample wet milled for 40 or 50 hours using oleic acid as PCA the alloy are however fully amorphous.
Analysing the XRD spectra of the powder wet milled using benzene as PCA it can be observed that after 5 hours of milling the same nanocrystalline Fe(Si,B) solid solution is obtained. This solid solution is fully amorphised after 20 hours of milling. The XRD pattern of this sample presents a single and very broad maximum characteristic of the absence of long range atomic order specific for the amorphous materials. At this point of our investigation, we can conclude that the PCA plays an important role in the alloy amorphisation.
According to different investigations reported in the literature, one of the main drawbacks of the wet mechanical alloying is the contamination of the processed powders with atoms resulted from the decomposition of the PCA [3] . Considering that the PCAs used in this investigation contain a relatively large amount of carbon atoms, it is natural to assume that the powder is contaminated by a certain amounts of carbon atoms. The amount of carbon atoms contaminating the alloy depends upon the chemical composition of the PCA and can lead to a faster or slower amorphisation of the alloy. 
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In order to study the powder contamination with carbon atoms and to quantify this contamination, TG measurements in hydrogen atmosphere were performed. The TG curves of the samples dry and wet milled using ethanol, oleic acid and benzene as PCA are presented in figure 2 . It can be remarked that the TG curve of the dry milled sample is an almost straight line showing, as expected, no mass changes during heating up to 750 ºC in hydrogen atmosphere. Considering the reducing nature of the used atmosphere, and the fact that dry milled sample present no mass variation during heating, it can be underlined that no significant oxidation of the dry milled powder occurred during milling up to 50 hours. In the TG curves of the wet milled samples, a decrease of their mass can be observed. It is worth to be noticed that the mass decrease of the powder wet milled with ethanol represents 1.35% of the sample mass while the mass variation of the sample milled using oleic acid and benzene as PCA represents 4% and 7.2% respectively of the sample mass. The mass variation is most probably given by the decarburizing effect of the hydrogen atmosphere.
Even if the stability of the benzene molecule (aromatic ring) is larger compared to that of ethanol or oleic acid (chain like), is seems that the number of carbon atoms contained by the molecule is the main factor affecting the powder contamination and thus its amorphisation. Even if all PCAs used in this investigation contain carbon atoms, it looks like there is a certain amount of contamination needed for powder amorphisation. In the DSC curve presented in figure 3a a broad exothermic peak can be observed in the 150 -350 ºC temperature range. This peak was assigned to the stresses release, stresses induced during mechanical alloying process. At about 450 ºC the crystallisation of the amorphous powder can be remarked as an intense and sharp exothermic reaction. The Curie temperature of the main phase formed during powder crystallisation is observed on heating and cooling curve at about 575 ºC. According to the literature this Curie temperature was assigned to the Fe 3 Si phase [4] .
Analysing the M(T) curve of the sample presented in figure 3a , an important drop of the sample magnetisation can be observed at the temperature of 300 ºC. This variation of sample magnetisation was attributed to the Curie temperature of the amorphous phase [5] . The sample crystallisation phenomenon can be observed on the M(T) curve at about 450 ºC as an increase of the sample magnetisation. The increase of the sample magnetisation is given by the fact that at this temperature the formed Fe 3 Si phase is in ferromagnetic state. On the cooling curve of the sample a change of the curve slope can be observed and attributed, according to the literature, to the Curie temperature of
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Advances in Engineering & Management the Fe 2 B phase [6] . This phase is probably formed during the crystallisation phenomena observed at the temperature of 450 ºC. The saturation magnetisations of the dry and wet milled powder (Fig. 3b) are lower compared to the saturation magnetisation of the starting sample as a result of structural and compositional changes induced by mechanical alloying. The non-magnetic atoms of Si and B are dissolved in the Fe structure upon increasing milling time leading to a diminution of the overall saturation magnetisation of the sample. Also, the saturation magnetisation of the wet milled sample is lower as compared to the one of the dry milled sample. This can be explained by the powder contamination with carbon atoms (obviously non-magnetic) and by the presence of a thin layer of benzene adsorbed on the particle surface as reported elsewhere [7] .
Summary
To summarise the results of our study, the following conclusions can be drawn: (i) amorphous powder of Fe 75 Si 20 B 5 (at.%) alloy was obtained by wet milling using benzene and oleic acid as PCA after 20 and 40 hours of MA respectively; (ii) dry milling up to 50 h leads to the formation of a nanocrystalline α-Fe(Si, B) solid solution; (iii) in the case of wet milled samples, the powder contamination with carbon was evidenced and was related to the amount of carbon contained by the molecule of PCA; (iv) the saturation magnetisation of the dry and wet milled powder is influenced by the structural and compositional changes induced by mechanical alloying.
